Endophthalmitis is a small but serious risk of intraocular surgery. The incidence has been found to be lower for extracapsular cataract The vast number of operations performed worldwide and the serious visual morbidity arising from endophthalmitis demand that every effort be made to minimise the incidence further. Endophthalmitis usually arises from contamination of the operating field during surgery by commensals of the ocular surface or airborne bacteria. 4 These contaminate the anterior chamber (AC) either directly or by adhering to the intraocular lens. s Endogenous infections are felt to be uncommon. 6 Most, if not all, post-operative intraocular infections are caused by organisms introduced at the time of the surgery rather than subsequently acquired ?
The commonest Gram-positive causative organisms are coagulase-negative staphylococci (CNS), but a significant number of endophthalmitis cases arise from Gram negative organisms such as Proteus Sp, 8 Efforts have been made to reduce per-operative intraocular microbial contamination by meticulous pre-operative ocular preparation, such as the pre-operative use of povidone iodine 9 and the administration of per-operative broad spectrum antibiotics,
We designed a prospective, randomised double-masked study to assess the effect of per operative broad spectrum antibiotics on contamination of the AC during phacoemulsification,
Materials and methods
The conjunctival flora and microbial contamination of AC aspirates from 220 patients undergoing routine cataract extraction with phacoemulsification were studied, Patients were randomly allocated to receive one of two infusion fluid solutions. The theatre staff in charge of the list were responsible for randomisation by drawing colour-coded cards for each case. In group 1 (110 patients) balanced salt solution (BSS) with 1.2 ml/l of adrenaline 1/1000 was used for infusion during surgery.
In group 2 (110 patients) 20 mg/l vancomycin and 8 mg/l gentamicin were added to the BSS containing adrenaline.
Patients with ocular or general infectious disease and those who had a history of previous intraocular surgery were excluded from the study. A bacterial filter was not used with the infusion tubing. Both the surgeon and the microbiologist were masked to the allocation of each patient.
Pre-operatively guttae phenylephrine 2.5% and cyclopentolate 1% were instilled in the conjunctival sac every 15 min for 1 h. Eighty per cent of operations were performed with the patient under local anaesthesia, using a peribulbar block containing a mixture of equal proportions of xylocaine 2% and bupivacaine 0.5%.
Conjunctival swabs were taken from each patient prior to skin preparation. The skin was cleaned with povidone-iodine 10% and a 5% solution instilled into the conjunctival sac. An adhesive drape was used to protect the surgical field from the lashes and lid margins.
Cataract surgery was performed through a scleral tunnel using a frown incision. A 1.5 mm paracentesis was formed for insertion of the second instrument. After continuous circular capsulorhexis and hydrodissection, the crystalline lens was removed using the divide-and conquer phacoemulsification technique. The scleral incision was extended to 5.5 mm and a 5 X 6 mm one piece PMMA phaco intraocular lens (IOLAB) placed in the capsular bag. The incision site was covered by cauterising the conjunctiva at the limbus; no suture was used. Directly after each procedure 20 ml of fluid was poured from the phaco aspiration collection cassette into a sterile specimen bottle. At the end of each operating list the AC aspirates and swabs that had been collected were sent for microbiological studies. Fifty control swabs (sterile) and 50 specimen bottles containing sterile sodium chloride were sent among the study specimens.
Microbiological studies

Conjunctival cultures
Conjunctival swabs were spread onto a blood agar plate (5% Horseblood Columbia Agar base, Unipath), chocolate agar plate and a Sabouraud agar plate with gentamicin. The chocolate agar plate was incubated at 37°C in 5% CO 2 for 48 h. The blood agar plate was incubated in an anaerobic cabinet for 7 days and the Sabouraud plate at 37 DC for 7 days. An incubation temperature of 37 DC was felt to be more suitable for detection of intraocular contaminants than the 32 DC commonly used for the study of corneal infections.
AC aspirate AC aspirate (0.1 ml) was inoculated by pipette onto the same types of plates as were used for the swabs, and spread with a spreader. The plates were then cultured as for conjunctival swabs (direct culture). In addition, the fluid was centrifuged and the deposit resuspended in 2 ml of fluid (enrichment culture). This was then inoculated into a Pedi-bact blood culture broth (Organon-Technika), supplemented with 1 ml of Fildes extract. The bottles were incubated in a BacTAlert machine for 7 days. This is as effective as thioglycollate broth for the detection of anaerobes. Any bottles flagging positive were unloaded and subcultured both aerobically and anaerobically.
Identification of isolates
Any growth, even if scanty, was recorded and isolates were identified to genus/ species level using standard methods (API kit). CNS were not identified to the species level.
Statistical method
After a pilot study, it was calculated that our sample size would have an 80% chance of producing a significant result at p<0.05 (EPI INFO Stat Calc). The chi-squared test was used to test for statistical significance between the two groups.
Results
Conjunctival cultures
Group 1 (BSS alone) had 28 (25.4%) positive conjunctival swab cultures. Group 2 (BSS with antibiotics) had 27 (24.3%) positive cultures. The two groups had a similar microbial flora (Tables 1, 2 ). There was no significant difference between the positive culture rates of the conjunctival swabs in the two groups (i = 0.02; p>0.8).
None of the 50 control swabs was positive. Tables 1 and 2 . None of the 50 control bottles cultured positive.
Discussion
The risk of endophthalmitis is best minimised by eliminating the commensals of the ocular surface and preventing the entry of microbes into the AC during surgery. Per-operative intracameral antibiotics provide a second line of defence and aid the elimination of microbes that have breached other preventive measures -for example those in the 2-3% of irrigation solutions that have previously been found to be contaminated ? Although we have noticed a poor identification rate of anaerobes, conjunctival culture of the two groups in this study showed a comparable bacterial flora pre operatively. Probably more anaerobes would have been isolated if plates had been incubated for 14 instead of 7 days. Pre-operative skin preparation with 10% povidone-iodine and instillation of a 5% solution in the conjunctival sac is effective at reducing the number of commensal organisms within the operating field 9 , 10 and was used in both groups. Pre-operative topical antibiotics, such as norfloxacin, gentamicin and chloramphenicol, are not effective, l1 , 12 and were not used CNS Moraxella sp. CNS in this study. They can produce corneal toxicity and inhibit epithelial healing Y Sub-conjunctival antibiotics were not used; these have been shown to have no impact on post-operative inflammation and infection. 14 Gentamicin and vancomycin were added to the BSS in group 2 of this study. These are broad spectrum antibiotics and provide good coverage against Gram negative and Gram-positive organisms respectively. The estimated concentration in the AC was 8 fLg/ml for gentamicin and 20 fLg/ml for vancomycin. These concentrations are within the maximum inhibitory concentration (MIC) of most Gram-negative and Gram positive organisms likely to contaminate the operative field. IS Antibiotics at these concentrations are not toxic tG the retina and corneal endothelial cells.
Gills et al. 16 used antibiotics in the irrigation solution during cataract surgery in a large but poorly controlled series. They reported a 1 in 20 000 post-operative intraocular infection rate using gentamicin in the irrigating fluid, 1 in 9928 using vancomycin and none in 25 000 when both vancomycin and gentamicin were used. Gimbel et al. 17 reported no cases of endophthalmitis in a group of 4684 cataract extractions in which both vancomycin was injected into the capsular bag at the end of the procedure and gentamicin added to the irrigation solution. They showed no endothelial cell loss due to the use of antibiotics. There were no other reported complications such as retinal toxicity. These studies inspired us to select gentamicin and vancomycin for per-operative use. Whilst these reports have encouraged the per operative use of antibiotics during intraocular surgery, they have not addressed the potential complications adequately. Mistakes can be made during the mixing of the antibiotic solutions. It has been suggested that pharmacists are less liable to such errors than surgeons and should prepare the infusion solutions. ls A single dose commercial preparation of the antibiotics for this purpose would also be useful. Induced resistance of microorganisms because of the widespread use of antibiotics in a large population is a further concern. To quantify the benefits of per-operative antibiotic use against its potential complications a large multi-centre study is required.
Our study was not designed to assess the effect of using per-operative antibiotics on the incidence of post operative endophthalmitis. The aim was to identify, 
Conclusion
The majority of cases of post-operative panophthalmitis result from the introduction of microorganisms during intraocular surgery ? Meticulous pre-operative preparation of the ocular surface and conjunctiva by povidone-iodine, the use of adhesive sterile drapes to keep the eyelashes away from the operating field and standard protocols regarding instrument sterilisation and BSS preparation will reduce the introduction of microbes into the AC. In this study, addition of vancomycin and gentamicin to irrigation fluids reduced the AC contamination significantly (Fig. 1) . The per operative use of intracameral antibiotics is gaining popularity, although there are potential problems associated with their use. Large multi-centre studies are needed to quantify the benefits against these possible risks. On balance, the decision regarding the per operative use of antibiotics will depend on the answer to the question: 'What price are we prepared to pay to reduce the risk of endophthalmitis to the absolute minimum? ' 21 
